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 THE INVENTION THAT CHANGED THE WORLD 
FOREVER 
“ ”
than the population. This exceeding food supply, which started as the “green 
revolution”, turned into a “livestock revolution”
“It may be that this solution is not the final one. Nitrogen bacteria teach 
into bread.”
“Ammonia synthesis from its elements”,  Nobel lecture
 CONSEQUENSES OF EXCESS REACTIVE 
NITROGEN 
The concept of “nitrogen cascade”
–

 NITROGEN REGULATION, LOADING AND 
IMPORTANCE IN FINNISH WATERBODIES 


























Figure 1. Spaceview of a cyanobacterial bloom in the Baltic Sea on July 16, 2018 (ESA 
Copernicus Sentinel Data, published by Finnish Environmental Institute SYKE). 




considered to work like “a filter” removing 












Figure 2. Simplified illustration of the aquatic nitrogen (N) cycle. 
 NITROGEN REMOVAL IN WETLANDS 
“Shortly afterwards
poets been able to picture Styx so foul, since that is no fouler”.
called as “the kidneys




“hotspots” of denitrification (Mitsch et al. 2001; Seitzinger et 
(often referred as “treatment wetlands”)
–
 MEASUREMENT OF NITROGEN REMOVAL IN 
AQUATIC ENVIRONMENT 
“N retention” is reported
−
Figure 3. An example of 
a pre-experiment with 
15NO3-N concentration 
series. D14 = 
denitrification of the 
natural 14NOx-N, D15 = 
denitrification based on 
the labeled 15NO3-N. 
Standard deviation 
shown with error bars, 
n=3 for each data point. 








 MEASUREMENT OF AQUATIC INORGANIC 
NITROGEN LOADING 
−1 −1





 MATERIALS & METHODS 
 STUDY SITES 
2.1.1 KOIRANSUOLENOJA CATCHMENT (I, III) 
 
Figure 4. Location of Brook Koiransuolenoja and the study wetland. Monitoring site of the 
brook water (K1) is situated upstream from the pond. The location of the sensor for 
measuring photosynthetically active radiation (PAR) and laboratory of Lammi Biological 
Station. 
2.1.2 CONSTRUCTED WETLAND OF LAMMI WASTEWATER 
TREATMENT PLANT (II) 
(61°08′83′′N, 24°99′66′′E)
 
Figure 5. Constructed wetland of Lammi wastewater treatment plant, Hämeenlinnan 
Seudun Vesi Ltd. 
2.1.3 SURFACE WATERS WITH DIFFERING NITROGEN AND 
ORGANIC CARBON CONCENTRATIONS (III) 
Table 2. Sampling sites with NOx--N and DOC or/and TOC concentrations in the studied waters. 
 MEASUREMENTS AND ANALYSES 
2.2.1 WATER, SEDIMENT AND ENVIRONMENTAL VARIABLES 
Site Coordinates NOx-N mg l
-1 DOC mg l-1 TOC mg l-1
Brook Laaviosuonoja 61°02'N, 24°59'S 0.040 ± 74.0 ± 53.0 ±
Lake Ormajärvi 61°05'N, 24°57'S 0.35 ± nd 7.8 ±
Spring Löytynlähde 61°02'N, 24°58'S 0.41 ± 1.2 ± 2.3 ±
River Luhtaanmäenjoki 60°20'N, 24°47'S 0.57 7.6 ± nd
Lake Pääjärvi 61°05'N, 25°05'S 0.85 10.0 ± nd
River Teuronjoki 61°05'N, 24°50'S 1.2 8.1 ± nd
River Vantaanjoki 60°40'N, 24°56'S 1.3  ± nd 10.0 ±
Brook Letkunoja 61°03'N, 25°05'S 2.5 7.9 ± nd
Brook Koiransuolenoja 61°03'N, 25°04'S 2.4 ± 10.6 ± nd
μ
μ











2.2.3 MEASUREMENT OF NITROGEN RETENTION IN WWTP 
WETLAND 
2.2.4 SETUP OF THE NITRATE MEASUREMENTS WITH OPTICAL 
HIGH-FREQUENCY SENSORS 
 STATISTICAL ANALYSIS 
 RESULTS & DISCUSSION 
 NITROGEN REMOVAL (I-II) 







Figure 6. Relationship between denitrification 
rate (mg N m-2 d-1) and the sediment surface 
temperature in the agricultural wetland littoral 
(modified from the study I). Denitrification rates 




Figure 7. Measured (black columns) and estimated (grey columns) denitrification rates in 


















































































3.1.2 NITROGEN REMOVAL IN WWTP WETLAND (II) 
Table 3. Mean denitrification and anammox rates (I,II) and results from other studies conducted under low air 
and water temperatures, water NOx--N concentrations also shown. Standard deviation (±) and 
minimum/maximum between brackets.  *=measured with static chamber technique, ** air temperature, 
***=measured from the wetland inlet and outlet. 
 
Figure 8. The variation of the C:N ratio in the wastewater treatment plant discharge into the 
wetland as well as in the wetland outlet. 
 NITROGEN RETENTION (II) 
Table 4. Total nutrient retention (%) in the study II. Minus indicates that more of the compound in 







Figure 9. Average 
change in NH4+-N 
concentration 
between Lammi CW 






periods marked with 
grey areas. 
 
Figure 10. Temperature (line) and oxygen saturation (columns) in the WWTP wetland 
discharge between 25 March 2015 and 15 March 2017. Ice-cover periods are indicated with 




Table 5. Average total nitrogen retention rates in constructed wetlands treating agricultural or 
municipal wastewaters in cold climate. 
–
–
 MONITORING NITRATE CONCENTRATIONS WITH 






Figure 11. Relation between sensor NOx--N and laboratory NOx--N results at DOC/ TOC 
concentrations 0.12–10.0 mg C l−1, a: 35-mm pathlength sensor, b: 5-mm pathlength sensor. 
The bog outlet waters (empty circles) are excluded from the regression model. The 





o as “matrix effects” (Pellerin et al. 2013). 
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Figure 12. NOx--N error ratios with the 5-mm pathlength sensor relative to corresponding 
DOC concentrations, : bog outlet waters with high DOC and b: waters with low DOC 
concentration. Notice the different scales. Modified from the study III. 
y = 11.809ln(x) + 20.446
R² = 0.86


















DOC mg C l-1
Laavionsuonoja
Laavionsuonoja + Luhtaanmäenjoki mixture
Letkunoja
y = 0.2127ln(x) + 0.8232
R² = 0.98
Teuronjoki
y = 0.6107ln(x) - 0.0131
R² = 0.91
Pääjärvi


















DOC mg C l-1
Letkunoja Teuronjoki Pääjärvi
 
Figure 13. Reference results (laboratory, black circles (n=25) and sensor results (dots) in 
situ measured in Brook Koiransuolenoja from May to November 2013, a: sensor results 
corrected with simple linear regression and b: with multiple linear regression. Modified from 
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ducing food’s environmental impacts through 
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